Abstract: This paper presents long time series of stock and bond returns for
1

Introduction
The main purpose of this paper is to report long time series of stock and bond returns for Denmark and thereby make these series available for the research community.
Along with this, the paper also analyzes and presents a number of stylized facts that apply to the two asset markets.
Long time series are useful for many purposes in economics and finance; the data set offered in this paper has therefore many applications. Thus, by studying historical movements of stock and bond returns, we get a yardstick for the future, assuming that economies change only gradually and that we therefore can learn from history. Long time series also make it possible to study specific time series patterns in the data. For example, a number of researchers, like Poterba and Summers (1988) and Fama and French (1988) , have argued that high stock returns tend to be followed by low returns and vice versa, and that stocks because of this tendency to mean revert are not as risky in the long run as in the short run. This controversial view is also addressed in Campbell, Lo and MacKinlay (1997) who give an insightful review of the mean reversion literature. Balvers, Wu and Gilliland (2000) extend the mean reversion analysis to a cross-section analysis of 18 countries and argue that there is mean reversion across countries. Consistent time series of stock returns and consumer price inflation also enable us to analyze whether, and to what extent, stocks provide a hedge against inflation? That is another issue which has implications for the riskiness of stocks. Modigliani and Cohn (1979) were among the first to address this question, using US data, and Barnes, Boyd and Smith (1999) have recently reexamined the inflation hedge issue in a cross country study consisting of 15 large and small, developed and less developed countries. Furthermore, data on stock returns and government bond yields allow researchers to estimate the risk premium on stocks, defined as the difference between the return on stocks and the yield on short risk-free government papers. This has led to an extensive literature on the Consumption-CAPM and other asset pricing theories which attempt to explain the equity premium, see the seminal paper by Mehra and Prescott (1985) and the survey by Kocherlakota (1996) .
Finally, the stock market's interaction with the real sector in the economy is also an 2 issue that can be addressed using the data laid out in this paper. Thus, by combining the stock market data with firms' real investment expenditures we may obtain insight into the validity of the Tobin's q model of investment, and by examining the relationship between consumer expenditures and the stock market, the magnitude of the wealth effect in the consumption function may be analyzed. Insight into the stock market's effect on fixed real investment and real consumption provides the necessary tools for assessing how a prolonged bear market, which several economists predict for the near future (see e.g. Shiller, 2000) , will be transmitted to the real economy.
Long financial time series are scarce in the Danish context. As regards the stock market, Hansen (1974) reports stock returns based on a sample of firms for the period 1900-74, but Hansen only estimates the returns for consecutive 10-year periods (decades) and for the (remaining) 1970-74 period. These data can therefore hardly be used for time series analyses. Statistics Denmark has for many years reported a price index (the socalled totalindeks) for a large sample of firms, but this index is exclusive of dividends and can therefore not be used to calculate stock returns. In this paper, we report an annual total stock return series, defined as the sum of the dividend yield and the capital gain. The dividend yield is based on our own sample of stocks from different sectors and of different sizes over the period 1922-99, whereas the capital gain is based on the series published by Statistics Denmark. Because there are a large number of both small and large caps in the sample, returns are likely to be representative for the whole market. Lund (1992) has constructed a large cap index in the sense that he has picked 16 stocks with the explicit purpose of maximizing total capitalization. Finally, Jennergren and Sørensen (1988) study daily and weekly returns of 25 Danish stocks in the 1890s. Other stock return series for Denmark have build on the aforementioned studies or on pilot studies by various ministeries. In a nordic context, Frennberg and Hansson (1992) have constructed monthly return indices for the Swedish stock and bond markets.
To put the stock return series into perspective, we report comparable time series of 1-, 5-and 10-year yields to maturity on government bonds. Due to the thinness of the 3 government bond market in the beginning of the sample period, it is not always possible to find a bond with the desired time to maturity. Therefore, we have taken a pragmatic approach by choosing the paper that comes closest in terms of expiration date.
The paper is organized as follows. Section 2 describes the stock market data. In this section, we also address the socalled survivorship bias often neglected in the literature.
Section 3 describes the 1-, 5-and 10-year yields to maturity on government bonds and discusses weaknesses of the bond yields. Section 4 presents stylized facts on Danish stock returns. Section 5 presents the bond yields, and the excess return on stocks relative to bonds. Section 6 concludes the paper.
Annual Stock returns
The stock market data are from two sources. Dividend yields are from our own sample of the listed stocks on the Copenhagen Stock Exchange, whereas capital gains are calculated on the basis of the market index published by Statistics Denmark. The two series should be regarded as estimates of true market values, ie., market dividend yield and market capital gain, respectively. Thus, our portfolio of firms are sampled to reflect the composition of firms on the market. In view of this objective, the fact that Statistics Denmark's and our portfolio are different is not a matter of concern as long as they are representative. Our estimate of total annual stock return equals the sum of the dividend yield and the capital gain; stock returns are calculated for the period 1922 to 1999.
Dividends
The dividend yield is estimated on the basis of a large sample of stocks listed below in Table 1 . These stocks represent the five sectors on the exchange, namely banking, insurance, services, shipping and industry. We have both small and large caps in the portfolio. The sample consists of 102 stocks in total, accounting for 50 to 80 per cent of the total market capitalization on the exchange ("Hovedbørsen" and later "Børs I") in the sample period. Table 1 Compared to a previous study by Hansen (1974) we estimate the yield for each year, whereas Hansen only supplies estimates for 10-year periods. Lund (1992) has set up another Danish database. His index contains 16 large caps deliberately chosen such as to maximize total capitalization.
The dividend yield is defined as dividends paid out during the calendar year divided by the stock price quoted at the end of the previous year (late December). Thus, it is assumed that dividends are not reinvested within the year they are paid out. In the rare case of a secondary issue at a price below the market price and with dividend rights in the year of the issuance, we have made a correction of the yield to make sure that the dividend yield always measures the value of total dividends relative to the stock market value at the end of the last year.
The dividend yield on the market portfolio of stocks is a weighted average of the yields on the different stocks, where the weights each year equal the share of the total market capitalization. Thus, our return index is a value-weighted index.
Capital gains
To construct the capital gain component of the return, we use the Danish Share Price Index (Totalindekset). This index is published by Statistics Denmark, and captures the price movement of a large sample of stocks. The size of the sample has gradually expanded from around 50 companies in 1921 to all listed companies (except mutual funds and a few other holding companies) from 1983 and onwards. The actual portfolio of firms is not available. This index is also value-weighted. Weights are adjusted at new issuances and withdrawals from the exchange.
Potential Biases
The dividend yield: This component may be underestimated due to the assumption that dividends are not reinvested within the year. To get an idea of the magnitude of 5 this bias, we consider a number of examples. To this end, it is first useful to note that over the entire sample period 1922-99, the average (arithmetic) dividend yield is 4.6% under the assumption that dividends are not reinvested within the year. The average capital gain equals 7.1%. The average total return is thus 11.7%. The second important feature is that dividends in most cases are paid out during the first 6 months of the year.
Case 1. Suppose that dividends are paid out after 6 months and that shareprices increase linearly such that the semiannual capital gain on average equals 3.6%. In case dividends are reinvested when paid out, the yield associated with dividend payments and reinvestment of these funds equals 4.8%, or 0.2% more than the estimate without reinvestment of dividends.
Case 2. Suppose dividends are paid out after 3 months. Under the assumption of linear capital gains, the growth rate in three quarters equals 5.3%. The bias is greater than in the previous case but the difference disappears due to rounding. Thus, the bias is 0.2%.
The two cases demonstrate that the bias is 0.2% and fairly robust to the timing of dividends. Prior to 1982, dividends made up a larger share of total return. However, this does not imply that the bias due to non-reinvestment of dividends was larger, because capital gains at the same time were smaller. Thus, from 1922 to 1982, the average dividend yield is 5.4% and the capital gain is 4.2%. Hence, under the assumption that dividends are paid after 6 (3) months, the bias in this period can be shown to equal 0.1% (0.2%).
Rights issues at a discount: From 1983 and onwards, Statistics Denmark has made a correction of the price index in case of right issues at prices below the market price.
The reason is of course that a rights issue with a discount to existing shareholders will make the price of each share go down, and in case there is no correction the estimate of the capital gain will be downward biased (in the year where the stock issue takes 6 place). As Statistics Denmark has neglected this correction prior to 1983, the capital gain component is underestimated. The bias is, however, likely to be small because of a low frequency of secondary issues with price discounts. Statistics Denmark does not, however, report how it has dealt with this problem subsequently. Hence, it is possible that the shareprice index is upward biased (in case there has not been proper adjustments for business failures). We have looked at the late 1980s and the beginning of the 1990s and found that the bias on average was 0.4 % during this period. This is an upper limit of the survivor bias because the Danish economy at that time experienced a deep recession.
Hence, it seems that the bias due to non-reinvestment of dividends within the year more or less cancels out with the bankruptcy bias, which of course is a desirable feature of the data. In the Danish case, there is therefore no reason to believe that returns are grossly miscalculated due to these biases.
For later reference equation (1) below defines the 1-year stock return. The nominal 1-
year return in the period from time t to time t+1, denoted S1(t), equals the dividend It is important to note that the real return defined by (2) is only approximately equal to the more common but less exact definition of the real return given as the nominal return S1 less the annual rate of CPI inflation. For future reference, it is also worth noticing that e.g. the 5-year nominal return equals the geometric average of the consecutive annual nominal returns. The formula for the 5-year nominal return is thus given by (3). The formula for the 5-year real return is defined analogously (with CPI at time t and t+5) and is therefore omitted.
(1)
Bond Yields
It is of interest to compare stock investments to other investment opportunities and in particular to government bonds because that gives information about risk premia. In the Danish case there has been very little work on the latter issue; there are, however, data on private mortgage bond yields, see Olsen and Hoffmeyer (1968) , but mortgage bonds are first of all different from government bonds and, secondly, Olsen and
Hoffmeyer estimate their yields as average yields on bonds with very different time to maturity. Christiansen and Lystbaek (1994) also construct a mortgage bond return series but their series is based on bonds with 30-years to maturity. As we need government bond yields for holding periods of fixed length, we have estimated bond yields for the 1-, 5-and 10-year investment horizon. 
1-, 5-and 10-Year Yield to Maturity
These yields are defined as the yield to maturity at each investment horizon using the standard definition of yield to maturity, see e.g. Campbell, Lo and MacKinlay (1997) .
Because there were not that many government bonds outstanding in the past, it has not always been possible to find a bond with the desired time to maturity; in such cases we have taken a pragmatic approach, which means that we used the bond which is closest in terms of maturity. For what we shall dub the 1-year interest rate series, the typical maturity is between 9 and 12 months. The shortest maturity is 2 1 / 2 months (in 1941) and the longest maturity is close to 3 years (in 1973) . For the socalled 5-year bond, the horizon typically varies between 4 and 6 years. The lowest maturity is 1 year and 7 months and the highest is 10 years and 8 months, both occurring in the thirties where the outstanding stock of Government debt was exceptionally low. The typical maturity of the 10-year bond is between 9 and 11 years, the shortest maturity is 6 years and 9 months (in 1925) and the longest is 14 years and 5 months (in 1933) . From 1960 and onwards, observations for the 10-year series are from OECD Statistical Compendium, various issues.
The yield to maturity is in all cases calculated on the basis of the price of the bond on the last trading day in December, the coupon and the timing of coupon payments. In the calculation of the yield to maturity we have taken account of the fact that bonds sellers are paid for accrued interest at the day where trade takes place (Vedhaengende rente). Also, in case of a sinking fund (when the government is buying back securities regularly), the future payments' stream is affected, and in this case we use the expected payments stream in the estimation of the yield to maturity.
The time to maturity on the three bonds is as mentioned only approximative due to lack of data, which of course is a weakness. It should also be noted that despite the popularity of the yield to maturity concept in economics and the financial press, it is not without shortcomings as it assumes a flat yield curve (coupons can be reinvested at the constant yield). The latter assumption has bearings for the volatility of the bond yields. Thus, it is likely that this return concept leads to an underestimation of the 1 This is the arithmetic return. The average geometric return equals 9.8%, see Table 2 .
volatility/riskiness of bond investments, whereas the effect on the average bond yield is likely to be small as the yield curve sometimes is upward sloping and sometimes downward sloping. Hence, we believe that the average excess return on stocks relative to bonds (to be presented below) is not particular sensitive to this assumption.
Let B1(t), B5(t), B10(t) denote the annualized 1-, 5-and 10-year nominal bond yields from date t to t+1, from t to t+5, and from t to t+10, respectively. The 1-year real bond yield BR1(t) is (4) and the 5-and 10-year real bond yields, BR5 and BR10, are defined analogously.
Basic Results and Insights for the Stock Market
Now follows a brief presentation of basic results, summary statistics and a short account of the overall stock market development along with a presentation of outstanding years.
Summary Statistics and Changing Regimes
Table 2 below presents the average stock return and its components. Over the whole sample period 1922-99, the average annual dividend yield equals 4.6%, the capital gain amounts to 7.1% and, hence, the average stock return equals 11.7% with a standard deviation of 22.9%. The motivation for this particular sample split is twofold. First, major changes in economic policy took place in 1983, see also below. Second, statistical analysis in Nielsen and Olesen (1999) based on the Markov regime-switching model indicates that returns enter a new regime with higher mean and volatility in the beginning of the 1980s.
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for the two subperiods 1922-82 and 1983-99. 2 The average nominal return has thus increased from 9.6% in 1922-82 to 19.3% in 1983-99. Along with a rise in the average return, Table 2 also shows that the standard deviation has more than doubled.
The stock market has thus become much more volatile in the short term. It is, however, interesting to note that the return-risk ratio, defined by the mean return divided by the associated standard deviation, has stayed more or less constant over the two subperiods. Table 2 Figure 1 The real stock return has displayed roughly the same behaviour as the nominal return.
Thus, the mean return has increased from 5.3% in 1922-82 to 15.3% in 1983-99 along with more than a doubling of the standard deviation. The shift towards the recent regime with high returns and high volatility is associated with a spectacular rise in capital gains whereas dividends nowadays only account for a minor share of the stock return, see Table 2 and Figure 2 which depicts the dividend yield. In contrast to our results for nominal returns, the real return-risk ratio increases considerably (from 32% to 45%) in the latter subsample. in 1940. But it is interesting to note that the sharpest declines have occured in modern times, which underscores the point that the stock market nowadays is much more volatile than in the past. Thus, the real index declined by 32% in 1974, which is likely to be due to the first OPEC shock, relatively high inflation and large wage increases.
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In 1984, the market declined by 27% in real terms, which is more difficult to explain.
It may, however, reflect a correction of the huge upturn in the previous year. Thus, it is possible that the market overeacted in 1983, where it went up by 100% in real terms. In 1992, the real index declined by 27%, which in turn may be related to the Gulf crisis. The sharp declines in 1974 and 1984 followed immediately after spectacular bull markets, indicating that the Danish stock market may display excess volatility.
This hypothesis was first proposed for US stock markets by Grossman and Shiller (1981) and later discussed by Kleidon (1986) . exchange rate policy as key elements, see Andersen and Risager (1988) . This change in economic policy was accompanied by a fall in the long interest rates by around 7 percentage points, cf. also the next session. Along with a fall in interest rates it is also possible that the risk premium declined reflecting the success of the macroeconomic strategy and the associated stability gains. Altogether, there is no doubt that investors' discount rate declined and that is an important factor in explaining the upturn in the market. Second, a new tax on institutional investors' real bond yields was passed by Parliament in 1983 to be phased in from 1984 and onwards. Because stocks were not subject to this tax, the current and anticipated after tax return to equity increased sharply relative to bond investments and this will also lead to higher stock prices both through increased demand and through the anticipation that institutional investors would increase the proportion of stocks in their portfolios in the future, which indeed has proved to be correct. Third, capital market liberalizations resulted in a lifting of all restrictions on Danish investors' foreign equity placements in 1984, see Eskesen et al. 13 (1984) , whereas the Danish stock market had been open to foreigners since 1973. The liberalizations may have enlarged the window to the rest of the world, and because many markets experienced very high returns in these years this may have had spillover effects to the Copenhagen Stock Exchange. We are, however, still short of formal tests of the importance of the various explanations.
Bond Yields and the Equity Premium
The 1-and 10-year interest rates are recorded in Staunton (2000), it turns out that the Danish premium is the lowest premium recorded.
That reflects both a low stock return but also a relatively high bond yield, see Table 7 in Dimson, Marsh and Staunton (2000) . Table 4 Figure 5
Despite the fact that stocks on average have given a higher return than bonds, it is important to mention that there are several periods in which bonds have outperformed stocks. That is shown in Figure 5 , which illustrates the 5-year equity premium. Figure   5 shows that the premium displays a cyclical behaviour, that is, the premium varies between positive and negative values. There are seven periods in the data where the equity premium has been negative for more than one year. As shown, a negative premium is in particular a characteristic of the 1980s due to the high interest rates we have in this period. Notwithstanding this, stocks have over long periods performed better than bonds. To illustrate this in further detail, consider the cumulative total return indices in Figure 6 (note that the scale is logarithmic). cumulative 10-year bond index is also shown in Figure 6 . In spite long bonds perform better than short bonds, stocks clearly outperform both bond strategies.
The corresponding real return indices are shown in Figure 7 . The results show that the purchasing power of investing 1 Krone in stocks, in 1-year and 10-year bonds would have increased by a factor 59, a factor 10 and a factor 22, respectively, from 1924 to 1999. Over this very long period, stocks have thus outperformed long bonds by a factor 3 in real terms. This result would not be weakened by taking investor taxation into account; on the contrary. Thus, for most investors, fixed income securities have been subject to a higher tax rate than equity, but that issue is beyond the scope of this paper.
Figure 7
Conclusion
The main achievement of this paper is to report long time series of Danish stock returns and bond yields. This extends previous work by Hansen (1974) who estimates stock returns by decade only and Lund (1992) who calculates a large-cap index. Thus, the present paper provides a well-diversified Danish stock return index for the long historical period 1922-99. This paves the way for a wide range of economic and statistical analyses of the Danish stock market. Besides this, the paper also makes publicly available government bond yields with maturities of 1, 5 and 10 years. Other studies have presented return series for private mortgage bonds, see Olsen and Hoffmeyer (1968) and Christiansen and Lystbaek (1992) .
These series allow us to outline important characteristics of the two asset markets. As regards the stock market, the paper shows that the average real stock return is 7.5%
per year during the whole sample period, but closer examination shows that there are two apparently distinct regimes. Thus, average return has tripled since 1983 even though dividends have declined to one third of their previous level. Along with this, 16 the stock market has become much more volatile as witnessed by the doubling of the standard deviation. The high volatility may be due to liberalization of capital markets which took place in the 1970s and the 1980s. This view is supported by Sellin (1996) who finds that the increase in the Swedish stock market volatility is largely due to the opening up of the market to foreign investors. The higher return on stocks since the beginning of the 1980s, which parallels findings for other countries, remains an important topic for future research.
The paper also calculates the yield on bonds and finds that the short real bond yield is about 4% lower than the stock return. Thus, the equity premium is 4.1% per year and that is low in an international context, see also Dimson, Marsh and Staunton (2000) .
The explanation is both a low stock return and a high interest rate. 
